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Since antiquity certain changes in the fingers have pointed toward
the probable coexistence of serious internal disease. Hippocrates?!
stressed the diagnostic importance of exaggerated curvature of the
fingernails in empyema. Aretaeus,? in describing the crooked finger-
nails often found in association with chronic phthisis, attributed the
nail changes to a wasting away of all the soft tissues, particularly
of the distal nailbed.

. According to Ebstein,® it was Caelius Aurelianus (circa 200 A.D.)*
and not Hippocrates who first drew attention to the increase in volume
of the finger tip as the important feature in clubbing. Except for the
brief Hippocratic commentary references to crooked fingernails as a
diagnostic sign of empyema and phthisis, there was apparently little
interest in these digital changes during the subsequent years until
1832 when Pigeaux® published the first definitive work on clubbing.

Bamberger in 1889° and 1891” and Marie in 1890® discovered
the presence of bone and joint changes in a few patients with marked
clubbing. The latter writer named this “osteo-arthropathie hypertro-
phianie pneumique,” and sometimes hypertrophic pulmonary osteo-
arthropathy is referred to as “Marie’s disease.” Since these original
descriptions of hypertrophic osteoarthropathy, there have appeared
several comprehensive reviews on the subject.>*1?

Clubbing and, much more infrequently, the full syndrome of hyper-
trophic pulmonary ostecarthropathy have been observed not only with
certain types of lung disease, but also in association with cardiovas-
cular lesions, extrathoracic abnormalities, and as a primary familial
or nonfamilial disease unaccompanied by other disorders.® Although
dassimﬂyimportantinthediagnosisofbacteﬁaldismofthelungs,
the development of surgical techniques for pulmonary resection has
provoked more and more interest in the study of clubbing because of
the frequent association of clubbing with carcinoma of the lung.

The clinical findings®*** and roentgenologic picture!*1517.2023 hae
been thoroughly described in clubbing and hypertrophic ostecarthro-
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pathy. The histologic changes in the skeletal system have been re-
ported in detail by Crump* and others.®* There is, however, some
lack of clarity as to the structural alterations involved in clubbing.
With respect to the pathogenesis of this disease, much remains to be
learned, and we are today reminded of Samuel West’s comment in
1897: “Clubbing is one of those phenomena with which we are all so
familiar that we appear to know more about it than we really do.”*®

DeFINITION AND CLINICAL DESCRIPTION OF CLUBBING

Clubbing is characterized by a bulbous enlargement of the distal
segment of a digit. This digital segment may approach spherical form
in marked clubbing. Toes are usually affected as well as fingers, except
in cases of unilateral clubbing. But the deviations from normal in
toes are more difficult to ascertain because of the effects of shoes and
posture.

Lovibond®! was the first to publicize objective measurement of the
“profile sign” as the criterion for clubbing. When a nonclubbed digit
is flexed at the distal interphalangeal joint, it is observed that an
angle is formed by the following two lines drawn in the midsagittal
plane: a line parallel to the nail at the nail base; a line resolving the
surface contour of the soft tissue proximal to the nail on the dorsum
of the distal phalanx. The apex of this angle normally points toward
the palmar side of the digit, and the angle is equal to approximately
160°. The essential change in clubbing is an increase of this angle,
approaching a straight line. In exaggerated clubbing, this angle may
be greater than 180° and the point of union of nail and soft tissue
at the nail base projects dorsally.

The beginning stages of clubbing can be detected by palpation at
the base of the nail. In early clubbing the nail becomes more freely
movable. The examiner notes a spongy sensation as though the nail
is being ballotted on an edematous pad. The skin over the nail base
is smooth and shining; the minute skin creases disappear. Color
changes are not constant, but cyanosis of the nailbed and increased
pink hue of the skin at the nail base are often observed. The process
of clubbing is usually painless and so gradual as to proceed unnoticed
by the patient. An exception to this is sometimes the clubbing occur-
ring with lung carcinoma, which may be abrupt in onset and associated
with pain and difficulty in moving the fingers.

SumMmArY oF PrEVIOUS DEscrIrTIONs oF CLUBBING

Pigeaux in 1832° wrote that blood-tinged fluid infiltrated the soft
tissues under the nail and thus elevated the nail. However, he could
see no changes microscopically. Several reports in the next 8o
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years 263238 were remarkable chiefly in their variance with one an-
other over the histologic description of the clubbed digit.

Grafe and Schneider (1913)*" concluded that the chief reason for
abnormal curvature of the nail was increased thickness of the nailbed.
Locke reported in 1915'* that there was some edema of the cutis and
thickening of arterial walls. In 1923 Schirmer®® reported the unique
finding, in the subcutaneous tissue, of a net of fine connective tissue
fibrils with a homogeneous basophilic ground substance in which many
capillaries and a few infiltrations of round cells were seen. The
homogeneous ground substance gave a reaction with thionine and
mucicarmine in 2 manner consistent with mucin. Schirmer postulated
that clubbing might be due to an embryonal mucinous substance
replacing the adult type of subcutaneous connective tissue.

Campbell in 1924 published descriptions and photomicrographs of
one clubbed and one normal finger. He pointed out that the essential
difference between the two was edema of the tissues of the finger tip,
especially in the nailbed. In 1950 Bariety and Coury'” noted capillary
dilatation and edema as the sole pathologic changes.

Lovell (1950)*° examined 5 clubbed and 2 normal fingers fixed and
stained by an intra-arterial injection technique. In the clubbed fingers
the nailbed was thicker than in the normal state; this was due to
an increase in connective tissue. Less obvious was the increased thick-
ness of the fibrous capsule enclosing the pulp. In a clubbed specimen
from a patient with a congenital heart disease the superficial venous
plexuses were conspicuously dilated, especially in the nailbed. The
injection of neoprene into the blood vessels and clearing by the Spalte-
holz technique showed no difference in vascular filling among 4 normal
and 3 clubbed specimens.

Gall, Bennett and Bauer (1951)* described the pathologic features
of clubbing in connection with a study of the bone and joint changes
in generalized hypertrophic osteoarthropathy. It was reported that
the collagen bundles in the digits were swollen. Soft tissues were
infiltrated by lymphocytes and plasma cells. The periosteum showed
only minimal change—a division into outer fibrous and inner cambium
layers.

Schoenmackers in 1956*' studied clubbed toes from 26 cases of
cyanotic heart disease, 5 cases of mitral stenosis, and 22 controls.
He confirmed the increased thickness of the nailbed. In the nailbed
sections were foci of increased translucency where elastic and collagen
fibers were not discernible. In some cases there were markedly con-
gested venous sinuses. In a few specimens the glomuses showed
definite enlargement.
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The published reports on the structural alterations of clubbing
agree in there being no change or only minimal modifications in the
bony structure of the terminal phalanx. Soft tissue changes have
been held responsible for the digital enlargement. Edema, increase
in connective tissue, arterial hypertrophy, capillary dilatation, and
mild chronic inflammation have been noted in most of the more recent
publications. The need for a comprehensive study of clubbing is made
apparent, however, by the contradictions in the previous descriptions
and the limited number of reports. In fact, a single specimen was
examined in most of the studies and (except in 3 instances) explicit
reference to control material was not made.

MEeTHODS

The hands and feet of all 350 patients examined at necropsy at
the Institute of Pathology of the University of Munich during a
4-month period were investigated for the presence of clubbing. The
degree of clubbing, when present, was estimated in arbitrary grades
I to V. Grade I denoted increase of the “profile sign” angle to be-
tween 160° and 180°. Clubbing of grade II severity existed when
the nail and proximal soft tissue surface were in a straight line. In
grade ITI the dorsal angle at the junction of the nail and soft tissue
was slightly greater than 180°, but the circumference of the distal
phalangeal segment was approximately equal to that of the next
proximal segment. Grade IV denoted an angle greater than 180°
with the ratio of the diameter of the terminal phalanx to the diameter
of the proximally adjacent phalanx slightly greater than unity. In
grade V there was marked protrusion of the angle formed by the nail
and the soft tissue at the nail base. There was also bulbous enlarge-
ment of the finger tip so that the diameter of the terminal segment
was markedly greater than that of the proximally adjacent segment.

Ten instances of clubbing were found, and 29 cases without club-
bing were selected as controls. With the exception of a 7-month-old
child, the controls ranged in age from 21 to 74 years (6 cases being
in the third decade, 5 in the fourth, 3 in the fifth, 6 in the sixth, 7 in
the seventh, and 1 in the eighth). Fourteen patients were male and
15 female. Table I lists the cases with clubbing.

The specimen obtained in each case consisted of the entire terminal
segmentoft.heleftthumb,devoidonlyofthenailandt.heskinexéept
for a longitudinal strip 0.5 cm. wide on the palmar aspect where the
epidermis lay in sitx over the entire length of the specimen. All speci-
mens were subjected to the same treatment: fixation for 2 weeks in
Miiller’s formalin (10 cc. of 40 per cent formalin mixed with a solution
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of 2.5 gm. KaCr20; and 1 gm. Na-SO; in 100 cc. of H20); washing;
demineralization in § per cent HNOs; cutting of a thin midsagittal
block; neutralization in 5 per cent NasSO, solution; washing; em-
bedding in celloidin. Midsagittal sections were cut at 15 to 20 pu.
Sections from all 39 specimens were stained with hematoxylin and
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eosin. In addition, microsections of the clubbed specimens and s
controls were stained by Verhoeff’s method for elastic fibers** and
with Alcian blue for the demonstration of mucin.®® The last named
staining technique is not specific for mucin since chondroitin sulfuric
acid complexes as well as mucoitin-sulfuric acid complexes combine
ith the .
e dye ResuLTs

The thickness of the nailbed varied from 1.0 to 1.7 mm. in the

control specimens except for 3 cases where the thickness was 2.0 mm.
from the nail to the bone. Figures 4 and 6 demonstrate another ob-
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servation when the sections were viewed without the aid of a micro-
scope. There was increased translucency in the proximal half of the
nailbed with the small blood vessels standing out in bold relief. The
periosteum of the nailbed was also thicker in the clubbed specimens
than in the controls. However, there was no gross change in the struc-
ture of the bone and soft tissues on the palmar side of the phalanx.

Microscopically all the clubbed specimens but one showed a less
dense organization of connective tissue in the proximal nailbed (Fig.
8). The collagen fibrils and cells were separated by a greater distance.
The fibroblasts (Fig. 10) appeared more primitive, exhibiting large
nuclei, abundant faintly basophilic cytoplasm, and long reticular proc-
esses. The overall scarcity of formed elements with large fibroblasts
set in a reticular network was most characteristic of the regions of
translucency noted on gross examination, but this appearance extended
to the distal portion of the nailbed. Here there was increased widening
of the interfascicular spaces even in places where there were thick,
dense collagen fibers.

In most of the clubbed specimens there were more lymphocytes
scattered extravascularly through the nailbed than in the controls.
In clubbed specimens from cases 7 (Fig. 11) and g there were focal
perivascular accumulations of lymphocytes. In half the cases there
was a moderate increase in the number of tissue eosinophils. It is
noteworthy that the increased numbers of lymphocytes and eosino-
phils occurred only in the nailbed and not in the soft tissues on the
palmar side of the phalanx.

The periosteum of the nailbed was thickened in the more severely
clubbed specimens. Penetrating deep into the periosteum were small
blood vessels immediately encompassed by loose reticular tissue.
Extravascular lymphocytes were observed in these projections. Four
of the cases with clubbing demonstrated an abnormality in the perios-
teum on the palmar side of the bone. One or two small collections of
loosely textured connective tissue similar to that of the nailbed were
found between the cambium and fibrous layers of the palmar perios-
teum (Fig. 12).

The arteries in the nailbed were of larger size than those in the
controls, but the increase in size appeared only commensurate with
the increase in soft tissue of the nailbed. In sections from clubbed
cases 4 and 7 there was glomus formation throughout the length of
the nailbed. The vessels, appearing to be arteriovenous anastomotic
units,*** were of increased caliber and number (Fig. 14). The vas-
cular elements within a section of a glomus were also more widely
separated because of the widening of the interstitial spaces.

The specimen from clubbed case 8 (Fig. 5) was an exception to
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the pattern evident in the other specimens. The corium of the palmar
aspect was increased approximately o.5 mm. in thickness when com-
pared to the other clubbed specimens and controls. This increase in
thickness was caused by the presence of an abnormally thick, dense
mat of collagen fibers. Other abnormalities were restricted to the
nailbed. In this region there was no widening of the interfascicular
spaces. The connective tissue was very compactly organized. The
entire nailbed had increased collagen deposition. The vascular com-
ponents of the glomuses were thick-walled and encased in a thickened
fibrous sheet. There was no increase in the number of extravascular
lymphocytes or eosinophils.

Table IT summarizes the individual observations and shows the
rather good correlation among increased thickness of the nailbed,
extent of interstitial edema of the nailbed, and the clinical grade of
clubbing.

Tamez II
The Anstomic Chexges in Clubbing

Nailbed Periosteum
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* Endostosis.

1 Accumulations of lymphoblasts.

1 Dense collagen in nailbed, palmar corium, fatty tissue septa.

§ Part of nailbed was inadvertently removed.

Few controls showed the abnormalities described in the clubbed
specimens. Increased thickness (to 2.0 mm.) and looseness of texture
of the nailbed with widened interfascicular spaces and large fibro-
blasts in a fibrillar network were present in the case of a 29-year-old
female with sarcoma in the mediastinum and bilateral pulmonary
infiltrations. The microscopic structure of the nailbed was similar to
that in clubbing of grade I severity. No control possessed the loosely
textured tissue on the palmar side of the phalanx described in clubbed
cases §, 6, 9 and 10, or any increase in number and size of arterio-
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venous connections in the plane of the section as in clubbed cases 4
and 7. A moderate increase in the number of diffusely distributed
extravascular lymphocytes in the nailbed was observed in a 4o-year-
old male with carcinoma of the stomach. There was also a slight
increase in the number of tissue eosinophils scattered through the
proximal half of the nailbed in the specimens from the following
controls: a 27-year-old male with chronic caseous pulmonary tuber-
culosis and chronic empyema; a 30-year-old female with thrombo-
cytopenic purpura secondary to aminopyrine sensitivity; and a 5I-
year-old male with complications of arteriosclerotic coronary artery
disease.

Since there have been several reports attributing the changes in
clubbing to hypertrophy or edema of all the soft tissues of the digit,
2 cases were studied in which each of these changes was observed
upon gross examination. Specimens from two manual laborers with
digital hypertrophy showed neither increased thickness nor micro-
scopic abnormality of the nailbed. In one of these (Fig. 2) there
was increased thickness of collagen in the palmar corium and some
displacement of the fatty tissue by dense connective tissue on the
palmar side of the distal phalanx; in the other, the hypertrophy was
due to increase of all tissue components without distortion in the
pattern of arrangement except for hyperkeratosis.

Of 2 cases with generalized anasarca including edema of the digits,
one had nailbed thickness of 2.0 mm. with the only microscopic ab-
normality being swelling of the collagen bundles in the septa of the
fatty tissue layer on the palmar side of the phalanx. In the other
(Fig. 3) the nailbed was 1.7 mm. thick. There was a slight increase
in the width of the interfascicular spaces of the nailbed, but the large
fibroblasts of the clubbed specimens were lacking.

The stain for elastic tissue confirmed the findings made with hema-
toxylin and eosin: there was no change in the distribution of elastic
fibers. The clubbed specimens and all 5 of the controls tested gave
the same reaction when subjected to the Alcian blue staining tech-
nique for the demonstration of mucin and chondroitin. The articular
mrﬁlageattheinterphalangealjointwasstained,theintensityvarying
inversely with the distance from the joint cavity. Bone showed no
affinity for the dye. The soft tissues combined minimally and uni-
formly with the stain.

Discussion

Changes in the nailbed were responsible for the alteration in size
and configuration of the clubbed digit in this study. Increased thick-
ness of the nailbed was noted in every case. Clubbing was present
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when the thickness of the nailbed exceeded 2.0 mm. This thickness
was due largely to interstitial edema in all but one case. Increase in
extravascular lymphocytes was observed in the majority of cases; in
2 cases there were several dense aggregations of these cells. Increase
in the number of tissue eosinophils was more inconstant and less
striking. The periosteum on the palmar side of several clubbed speci-
mens exhibited a prevalence of the loose-textured connective tissue
characteristic of the nailbed.

The alteration in the glomeral pattern of the nailbed in cases 4 and
7 was of particular interest. In the plane of the section there were
more arteriovenous anastomotic units transected than in the control
specimens. Comparison of Figures 13 and 14 illustrates this abnor-
mality. Unfortunately, it was impossible from the material at hand
to quantitate this observation adequately. It was quite evident on
study of the sections that, as Popoff** has emphasized, the glomuses
are most numerous in a plane parallel to the skin or nail surface. In
a random section perpendicular to this plane, however, the sampling
error does not permit valid conclusions from the present study other
than to note that glomeral patterns in 2 cases of clubbing suggested
increased number and size of the arteriovenous connecting vessels.
The glomeral structure warrants further study, utilizing sections made
tangential to the nail and skin surfaces.

Case 8 showed a more chronic form of clubbing. In this stage,
edema did not appear to be part of the lesion. Cellular infiltrations
were also absent. Increase in volume was due to increased deposition
of dense collagen in the nailbed, palmar corium, and fatty tissue septa.

That the digital changes in clubbing are different from those seen
with generalized edema of the hands or hypertrophy associated with
hard manual labor is evident. The localization of the interstitial edema
to the nailbed, and the other changes noted are unique to the disorder
of acute clubbing. The questions arise: Why are the changes found
in this site? What is the factor or combination of factors causing
the predilective involvement of the nailbed in clubbing?

The proximal portion of the nailbed is metabolically active in the
elaboration of the fingernail. Another noteworthy characteristic of
the nailbed is the abundance of glomus formation in this tissue.*+%*
It has been reported that the number of anastomoses per square centi-
meter of surface area in one digit studied was 510 in the nailbed, 236
at the finger tip, and 150 in the palmar tissue of the distal phalanx ‘s

It was particularly interesting to note in the thickened periosteum
of the phalanx, interfascicular edema and small collections of the same
type of loosely arranged connective tissue encountered in the nailbed.
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Crump?* described regions containing sparse cells and fibrils in the
periosteum of bones showing hypertrophic periostitis. An increase in
cells with oxyphilic granules was noted in some of these foci. Gall
and co-workers?® described edema as a prominent feature of the early
periosteal change associated with subperiosteal new bone formation.
Of importance is this morphologic similarity of the periosteum in the
process of clubbing and in hypertrophic periostitis.
THEORIES OF PATHOGENESIS

There is an abundance of speculation concerning mechanisms of
clubbing in previous publications. Many reviews provide lengthy
theoretical discussions which do not require repetition. Certain recent
developments, however, merit attention.

One of the handicaps in the study of the pathogenesis of clubbing

and hypertrophic periostitis, despite numerous attempts to produce this
pathologic state experimentally, is the dearth of positive results.”4%5!
Mendlowitz and Leslie*® anastomosed the left pulmonary artery and
left atrium in the dog, producing a right-to-left shunt with corre-
sponding desaturation of systemic arterial blood. It was shown that
in addition to cyanosis these dogs had an increase of cardiac output
after the shunting procedure. One dog so treated developed minimal
but demonstrable changes of hypertrophic periostitis on certain long
bones.
The influence of certain surgical procedures on soft tissue, bone
and joint changes in hypertrophic ostecarthropathy associated with
carcinoma of the lung has been reported recently. Excision of the
affected pulmonary tissue,'® ligation of the pulmonary artery,* section
of the nerve branches at the hilus,***** and severing of the vagus nerve
just below the recurrent laryngeal nerve® on the affected side, have
all been reported as bringing about prompt and dramatic remission
of the peripheral signs and symptoms.

Mendlowitz'® has recently summarized his studies on the abnormal
physiology of the digital circulation in clubbing. He has found by
calorimetric measurement that acquired symmetrical clubbing is usu-
ally associated with increased blood flow in the finger tips, this increase
in blood flow being out of proportion to the increase in soft tissue
mass. Mendlowitz'** has propounded the theory that in clubbing
there is an increase in pulmonary circulation without a corresponding
increase in the demand for blood in the systemic circulation. This
produces a local oversupply of blood to the fingers and toes, and—in
cases of osseous involvement—to the affected bones. Questions un-
answered by this theory are: (1) What causes this increase in pul-
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monary circulation, if it does exist? (2) What is the mechanism
whereby digital blood flow is increased? The function of the arterio-
venous anastomoses in the glomuses is presumably involved, but how
is this effected?

SuMMmarY AND CONCLUSIONS

Midsagittal sections of the thumb from 10 cases of clubbing and
29 nonclubbed control specimens were examined. The alteration in
shape of the digit in clubbing resulted from an increase in thickness
of the nailbed. In the series of cases studied, a thickness of the nail-
bed of the thumb greater than 2.0 mm. was found only in clubbed
digits. The nailbed was loosely textured with large primitive-appearing
fibroblasts in a wide-meshed reticular network. There was often an
increased number of extravascular lymphocytes and eosinophils. In
2 cases the glomeral structure in the nailbed was altered, with more
coils of arteriovenous anastomoses than usual. - Severely clubbed speci-
mens commonly showed foci of tissue in the periosteum on the palmar
side which resembled the tissue in the nailbed. In addition there were
edema and thickening of the periosteum. Review of the histologic
observations of hypertrophic periostitis in previous writings revealed
that in the periosteum overlying altered bone there had been reported
focal edema and loose-textured connective tissue similar to that seen
in the nailbed in this study.

In one case of chronic clubbing no evidence of edema was seen.
The increased thickness was due to increased collagen deposition in
the nailbed and corium of the palm.

Further study of the subungual glomus in clubbing is indicated.
The similarity of the periosteal lesions in clubbing and hypertrophic
osteoarthropathy points toward a similarity in pathogenesis. The new
formation of bone observed in the long bones in the latter condition,
however, has not been observed in the nailbed in simple clubbing.
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LEGENDS FOR FIGURES
All photographs are of sections stained with hematoxylin and eosin.

Frc. 1. Midsagittal section through the terminal phalanx of the left thumb from
a nonclubbed control. Forty-year-old male with carcinoma of the stomach,
and metastasis. X 3.

Fic. 2. Nonclubbed thumb from a 43-year-old male manual laborer who died
with periportal fibrosis of the liver and ruptured esophageal varices. Thumb
shows hypertrophy of all tissue components. X 3.

Fic. 3. Grossly edematous thumb from a 61-year-old female with edema of all
extremities secondary to starvation hypoproteinemia. Except for osteoporosis,

there is essentially no variation in the section from the other control cases.
X 3.
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4- Thumb from case 7. grade 1V severity of clubbing. Thirty-five-year-old
male with chronic empyema. Note marked increase in thickness of nailbed,
increased vascularity and increased translucency of proximal nailbed. X 3.

5. Case 8, grade IV clubbing. Fifty-one-year-old male with long history of
asthma. Necropsy examination showed marked emphysema and bronchitis,
chronic cor pulmonale. Midsagittal section of thumb reveals increased thick-
ness and density of nailbed. There is increased thickness of dense connective
tissue subcutaneously and of fibrous septa in fatty tissue layer on palmar side
of the bone. X 3.

6. Case g, grade V clubbing. Twenty-seven-year-old male with bronchiectasis.
Changes present are increased thickness of nailbed. decreased density and
increased vascularity of proximal and middle portions of nailbed. Small region
of tissue similar to that of the nailbed is seen in palmar periosteum at junc-
tion of middle with distal third of phalanx. X 3.
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Fic. 7. Midsagittal section of thumb (control specimen) from a 32-year-old female
who died with chronic glomerulonephritis. Middle portion of nailbed with
bone on the left. X 72.

Fic. 8. Clubbed case 7. Middle portion of nailbed with periosteum out of view to
left. Apparent are the increased thickness of the nailbed, relative hypocellu-
larity, widening of the interstitial spaces, and—in the center of the picture—
the large fibroblasts. X 72.
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Fic. 9. Higher magnification of Figure 7. Nonclubbed control. X 300.

Fic. 10. Higher magnification of Figure 8. Decreased tissue density, widened
interfascicular spaces, large primitive-appearing fibroblasts, dearth of mature
fibrocytes, reticular type of connective tissue fiber, and the increased number

. of extravascular lymphocytes are characteristic of marked clubbing. X 300.
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F1c. 11. Clubbed case 7. Periosteum of nailbed with bone in lower part of picture.
Dense perivascular accumulation of lymphocytes is seen. X 120.

F16. 12. Clubbed case 9, bone above. Loose tissue with widened interstitial spaces
and vascularization noted in periosteum of palmar aspect of phalanx. Refer-
ence to Figure 6 will enable one to locate region in midsagittal section of
thumb from which this highly magnified view is obtained. X 120.
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F1c. 13. Nonclubbed control, as in Figures 7 and 9. Glomus in distal portion of
nailbed with bone inferiorly. Artery courses distally from left to right. Rami-
fications of artery are seen at right center. Glomus is composed of nutrient
arterioles, collecting veins, nerve fibers, and a major artery which divides to
form smaller arteries and arteriovenous anastomoses. The glomus in this
illustration is the largest encountered in all the slides of the 29 control cases.
X 72.

Fic. 14. Clubbed case 7. Region in middle portion of nailbed showing microscopic
alteration in vascular pattern. An artery is on the right; the rest of the photo-
graph is filled by whorls of vessels appearing to be arteriovenous anastomotic
units. X 72.
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